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CONNECTOR FOR USE IN AN IMPLANTABLE 
STIMULATOR DEVICE 

BACKGROUND 

[0001] Spinal cord stimulation systems and other stimu 
lation devices frequently include an implantable pulse gen 
erating system for treating chronic pain by providing elec 
trical stimulation pulses from an electrode array placed 
epidurally near a patient’s spine. Spinal cord stimulation 
(SCS) is a Well-accepted clinical method for reducing pain 
in certain populations of patients. SCS systems typically 
include an implanted pulse generator (IPG), a stimulation 
lead, and electrode contacts connected to the distal portion 
of the stimulation lead. Traditional SCS systems may also 
include a lead extension placed betWeen the IPG and the 
stimulation lead. 

[0002] The pulse generator generates electrical pulses that 
are delivered to the dorsal column ?bers Within the spinal 
cord through the electrodes, Which are implanted along the 
dura of the spinal cord. In a typical situation, the attached 
lead Wires exit the spinal cord and are tunneled around the 
torso of the patient to a sub-cutaneous pocket Where the 
pulse generator is implanted. 

[0003] In order to protect the electronic circuitry of the 
pulse generator from environmental conditions and/or other 
damage While the IPG is implanted Within a patient, the IPG 
is frequently enclosed in a titanium case. The titanium case 
is con?gured to provide protection and a hermetic, or 
completely sealed, environment. For example, the titanium 
case frequently includes tWo halves. Recesses are formed in 
each of the halves such that When the tWo halves are coupled 
together, holes are de?ned therein. A feedthru member 
extends through the de?ned holes to alloW the lead Wires to 
be electrically coupled to the electronic circuitry of the IPG 
While maintaining the hermeticity of the titanium case. 

[0004] Traditionally, the interconnection betWeen an IPG 
or other neurostimulator device and the stimulating leads is 
formed With a hard epoxy header. The header includes at 
least one ?xed lead insertion hole Which accepts the proxi 
mal connector portion of a stimulating lead. Inside the 
header, some type of mechanical connection is provided to 
connect each of the multiple contacts on the proximal 
connector portion of a multi-contact lead to the electronic 
circuitry of the IPG. One such mechanical connection is a 
bal seal (Bal Seal Engineering Company, Foothill Ranch, 
Calif). A bal seal provides physical and electrical connec 
tion to the multiple contacts on the lead connector through 
a compressive contact. In addition, in order to ensure that the 
lead connector is securely locked into the IPG header and 
cannot slip out, a set screW is often employed to compress 
a portion of the stimulating lead connector to thereby 
positively lock the stimulating lead into the lead insertion 
hole. 

[0005] Disadvantageously, the use of a large setscreW to 
compress the lead connectors at the proximal connector end 
can create internal stresses on the feedthru pins and the hard 
epoxy comprising the header. Consequently, the material in 
the feedthru member construction, Which must ensure her 
meticity, is under constant stress and may develop cracks 
and eventually permit a leak into the stimulator electronics. 
This mechanism of failure may result in corrosion and 
eventual malfunction of the stimulator device, Which in turn 
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Will result in having to explant the device. Further, the 
setscreW traditionally used for locking stimulating leads 
Within the body of the header may cause lead distortion 
Which may make it dif?cult to remove the lead connector 
from the header at a future date. More speci?cally, using a 
set screW alloWs the clinician to excessively tighten the 
setscreW as precise torque applied to the setscreW is at the 
discretion of the clinician. Excessive tightening can damage 
the IPG header and the lead connector, Which damage, if 
identi?ed, results in scrapping both the lead and IPG. If the 
damage is not identi?ed, post-implant leakage of the header 
and intermittent connections betWeen the lead connector and 
feedthru contacts may occur. Moreover, traditional IPG 
headers are permanently attached to the IPG case and have 
a ?xed lead insertion hole siZe, thereby limiting the stimu 
lating lead connector siZe that may be received therein. 

SUMMARY 

[0006] An embodiment of a connector is provided herein 
for use in a stimulator device. In particular, the connector is 
con?gured to provide Zero insertion force coupling of an 
implantable pulse generator to electrical leads While alloW 
ing the implantable pulse generator to be hermetically sealed 
Within a case assembly. For example, according to one 
exemplary embodiment, the connector includes a resilient 
body having a lumen de?ned therein. Connector block 
contacts are disposed along the length of the lumen. The 
connector contacts are con?gured to be coupled to lead 
extensions or leads, Which direct electrical stimulation to a 
desired body location. 

[0007] In one exemplary embodiment, it is a feature to 
provide a removable connector for use in a stimulator device 
that has substantially Zero-insertion force; 

[0008] It is another feature of an exemplary embodiment 
to optionally provide a connector that does not require a set 
screW that contacts and secures the end of a stimulating lead; 

[0009] It is a further feature of one exemplary embodiment 
to provide a connector block that is relatively clear so that 
the male end of an extension lead or the proximal connector 
end of a stimulating lead can be seen as it is inserted into the 
insertion lumen or lumens Within the connector block to 
facilitate a correct insertion; 

[0010] It is yet a further feature of an exemplary embodi 
ment to permit easy replacement of a removable connector 
block having a di?ferently con?gured and dimensioned 
insertion lumen to accept a lead extension or stimulation 
lead With a differently siZed and con?gured proximal con 
nector end. 

[0011] One exemplary connector operates by applying 
compressive force on or around the connector block Which 
permits compression. Compression of the connector block is 
then transferred to the connector contacts on the connector 
of the proximal end of a lead, thereby locking the lead in the 
connector block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The accompanying draWings illustrate various 
embodiments of the present apparatus and method and are a 
part of the speci?cation. The illustrated embodiments are 
merely examples of the present apparatus and method and 
do not limit the scope of the disclosure. 
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[0013] FIG. 1 illustrates an exploded perspective vieW of 
a stimulator device that includes a Zero insertion force 

resilient connector, according to one exemplary embodi 
ment. 

[0014] FIG. 2 illustrates an exploded perspective vieW of 
a Zero insertion force connector and a feedthru member, 
according to one exemplary embodiment. 

[0015] FIG. 3A illustrates a perspective vieW of a case 
frame, according to one exemplary embodiment. 

[0016] FIG. 3B illustrates a perspective vieW of a con 
nector block cover, according to one exemplary embodi 
ment. 

[0017] FIG. 3C illustrates a perspective vieW of a remov 
able connector block being inserted into a case frame, 
according to one exemplary embodiment. 

[0018] FIG. 3D is a perspective vieW illustrating a remov 
able connector block being seated in a feedthru opening 
formed in a case frame, according to one exemplary embodi 
ment. 

[0019] FIG. 3E is a perspective vieW illustrating a number 
of lead extensions or ends of stimulation leads being inserted 
into a connector block, according to one exemplary embodi 
ment. 

[0020] FIG. 3F is a perspective vieW illustrating a plural 
ity of lead extensions or ends of stimulation leads coupled to 
a stimulator device through a removable connector block, 
according to one exemplary embodiment. 

[0021] FIG. 4A is a side vieW illustrating a number of 
forces exerted on the connector block by the connector block 
cover When the connector block cover is locked, according 
to one exemplary embodiment. 

[0022] FIG. 4B is a front vieW illustrating a number of 
forces exerted on the connector block and the connector 
contacts When a connector block cover is locked, according 
to one exemplary embodiment. 

[0023] FIG. 5 is a perspective vieW illustrating a connec 
tor block cover prying tool, according to one exemplary 
embodiment. 

[0024] FIGS. 6A through 6C illustrate perspective vieWs 
of a prying tool being engaged With and releasing a con 
nector block cover from its locked position, according to one 
exemplary embodiment. 

[0025] Throughout the draWings, identical reference num 
bers designate similar, but not necessarily identical, ele 
ments. 

DETAILED DESCRIPTION 

[0026] A connector is provided herein for use in a stimu 
lator device (e.g., an implantable pulse generator or IPG). In 
particular, one embodiment of the connector is con?gured to 
provide little or no resistance to the insertion of electrical 
leads While securely coupling an IPG to the electrical leads 
or lead extensions. For example, according to one exemplary 
embodiment, the connector includes a connector block com 
prised of a resilient, compressible body having a lead 
insertion lumen de?ned therein. Connector contacts are 
disposed along the length of the lead insertion lumen. The 
connector contacts, forming an array, are con?gured to be 
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coupled to lead extensions or leads that are inserted in the 
lumen, Which lead extensions or leads direct electrical 
stimulation to a desired location in the body. 

[0027] According to one exemplary embodiment, When 
the lead extensions or leads are inserted into the lumen, parts 
of the lead extensions or leads are also passed through the 
connector contacts. Once the lead or lead extension is 
inserted into the lumen, the connector may be subjected to 
compressive forces that are transferred through the connec 
tor to the connector contacts. The compressive forces resil 
iently clamp the connector contacts to the lead extensions. 
The connector contacts are also coupled to feedthru pins 
Which in turn are coupled to a feedthru member and the IPG. 
As a result, the connector block provides an electrical 
pathWay from the IPG to leads or lead extensions. Further 
details of the exemplary connector and its uses Will be given 
beloW. 

[0028] In the folloWing description, for purposes of expla 
nation, numerous speci?c details are set forth in order to 
provide a thorough understanding of the present method and 
apparatus. It Will be apparent, hoWever, to one skilled in the 
art, that the present method and apparatus may be practiced 
Without these speci?c details. Reference in the speci?cation 
to “one embodiment” or “an embodiment” means that a 

particular feature, structure, or characteristic described in 
connection With the embodiment is included in at least one 
embodiment. The appearance of the phrase “in one embodi 
ment” in various places in the speci?cation are not neces 
sarily all referring to the same embodiment. 

[0029] FIG. 1 illustrates an exploded perspective vieW of 
an implantable stimulator device or IPG (100) that may 
include the connector device, in accordance With the present 
exemplary embodiment. The IPG (100) includes several 
components coupled to a hybrid circuit board (110), a poWer 
source (120), and hybrid pins (130). The circuit board (110) 
includes electronic circuitry populated thereon. This circuit 
board (110) draWs poWer from the poWer source (120) and 
delivers electrical stimulation energy through the hybrid 
pins (130). The hybrid pins (130) electrically couple the 
circuit board (110) to a ?exible or “?ex” connector (135), 
Which in turn is connected to feedthru pins (170) formed on 
the feedthru member (155). In particular, each of the hybrid 
pins (130) is associated With a corresponding opening 
de?ned in the ?exible connector (135). The ?exible connec 
tor (135) in turn is coupled to a connector block (140) via the 
feedthru member (155). The hybrid circuit board (110) and 
the poWer source (120) are hermetically sealed Within a case 
assembly that includes a case frame (145), and side lids 
(150). In particular, the case frame (145) includes a cavity 
(165) formed therein that is con?gured to have the circuit 
board (110) and poWer source (120) contained therein. 

[0030] The hybrid circuit board or electronic circuit board 
(110) and the poWer source (120) may be coupled together, 
such as through Welding or the application of conductive 
adhesive. Once the poWer source (120) is coupled to the 
circuit board (110), they may be placed Within the cavity 
(165) of the case frame (145) and the side lids (150) may be 
sealingly coupled to the case frame (145). The side lids (150) 
may be metallic, e.g., titanium, or non-metallic, e.g., 
ceramic or a plastic. Accordingly, the side lids (150) may, in 
some embodiments, e.g., Where the side lids are ceramic or 
metallic, hermetically seal the sides of the case frame (145). 
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[0031] The circuit board (110) is formed by electrically 
coupling electronic components to the circuit board. Accord 
ing to one exemplary method, the components of the circuit 
board (110) are physically coupled to the circuit board using 
solder or conductive epoxy. These components may include, 
but are in no Way limited to, a microcontroller coupled to a 
memory circuit. An exemplary microcontroller includes a 
microprocessor and associated logic circuitry, Which in 
combination With control logic circuits, timer logic, and an 
oscillator and clock circuit, generates the control and status 
signals that alloW the microcontroller to control the opera 
tion of the IPG (100) in accordance With a selected operating 
program and stimulation parameters. 

[0032] The operating program and stimulation parameters 
are typically programmably stored Within the memory cir 
cuitry by transmitting an appropriate modulated carrier 
signal through a receiving coil and charging and forWard 
telemetry circuitry from an external programming unit, such 
as a handheld programmer (HHP) and/or a clinician pro 
grammer (CP), assisted as desired through the use of a 
directional device. The handheld programmer may thus be 
considered to be in “telecommunicative” contact With the 
IPG. Similarly, the clinician programmer is considered to be 
in telecommunicative contact With the handheld program 
mer and, through the handheld programmer, With the IPG. 
The charging and forWard telemetry circuitry demodulates 
the carrier signal it receives through the coil to recover the 
programming data (for example, the operating program 
and/ or the stimulation parameters), Which programming data 
is then stored Within the memory or Within other memory 
elements distributed throughout the circuit board (110). 

[0033] The microcontroller is further coupled to monitor 
ing circuits via a bus. The monitoring circuits monitor the 
status of various nodes or other points throughout the IPG 
(e.g., poWer supply voltages, current values, temperature, 
the impedance of electrodes attached to the various elec 
trodes, and the like). Informational data sensed through the 
monitoring circuit may be sent to a remote location external 
to the IPG (e.g., a non-implanted location) through back 
telemetry circuitry, including a transmission coil. 

[0034] The circuit board (110) also includes poWer cir 
cuits. The poWer circuits may include protection circuitry 
that protects a replenishable poWer source from overcharg 
ing. Further, safeguarding features may be incorporated that 
help assure that the poWer source is operated in a safe mode 
upon approaching a charge depletion. Potentially endanger 
ing failure modes are reduced and/or prevented through 
appropriate logic control that is hard-Wired into the device or 
otherWise set in the device in such a Way that a patient 
cannot override them. 

[0035] As previously discussed, the circuit board (110) is 
coupled to the poWer source (120). According to one exem 
plary embodiment, the poWer source (120) may be coupled 
to the circuit board (110) by soldering or by the use of 
conductive epoxy. Any other suitable process for coupling 
the poWer source (120) to the circuit board (110) may also 
be used. 

[0036] The poWer source (120) may include a primary, 
non-rechargeable battery, a rechargeable battery, and/or a 
super-capacitor. Such a poWer source provides an unregu 
lated voltage to poWer circuits. The poWer circuits, in turn, 
generate the various voltages, some of Which are regulated 
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and some of Which are not, as needed by the various circuits 
located Within the circuit board (110). The poWer circuits 
further selectively direct energy contained Within the carrier 
signal, obtained through the charging and forWard telemetry 
circuit, to the replenishable poWer source (120) during a 
charging mode of operation. In this manner, the replenish 
able poWer source (120) may be recharged. 

[0037] According to one exemplary embodiment, the 
poWer source (120) includes a rechargeable battery, and 
more particularly, a rechargeable Lithium Ion battery. The 
poWer source (120) may be recharged inductively from an 
external charging station. Further, an internal battery pro 
tection circuitry may be used for safety reasons, such as to 
prevent the battery from being overcharged and/or to only 
accept a charge from an authorized charging device. 

[0038] The case frame (145) also includes a feedthru 
opening (172) de?ned therein. The feedthru opening (172) 
according to the present exemplary embodiment extends 
through the case frame (145) and into the cavity (165). The 
removable connector block (140) is con?gured to be placed 
at least partially Within the feedthru opening (172) to form 
an electrical connection With the feedthru member (155). 

[0039] A feedthru member (155) may be secured in the 
feedthru opening (172) as illustrated in FIG. 1. As shoWn, 
the feedthru member (155) includes a number of feedthru 
pins (170) that provide the electrical connection betWeen the 
?exible connector (135) hermetically sealed Within the case 
frame (145) and the removable connector block (140). 
According to one exemplary embodiment, the feedthru 
member (155) includes a ?ange that is con?gured to seat in 
the feedthru opening (172) and be sealingly coupled to the 
case frame (145). The feedthru member (155) may be 
sealingly coupled to the case frame by an adhesive, Welding, 
and the like. The feedthru member (155) provides the 
electrical connection betWeen the circuit board (110) and the 
connector block (140) via a number of feedthru pins (170) 
that extend through both sides of the feedthru member. 
According to one exemplary embodiment, the feedthru pins 
(170) are made of a conductive material such as platinum 
and are surrounded by an insulating material (175; FIG. 2) 
such as glass to electrically isolate each feedthru pin. When 
assembled, the feedthru pins (170) electrically couple the 
?exible connector (135) and the connector block (140). 

[0040] Further, the removable connector block (140) is 
con?gured to interact With the connector block cover (160). 
The connector block cover (160) may be shaped to ?t over 
the connector block (140) and be secured to the case frame 
(145) using a locking mechanism. The interaction betWeen 
the connector block cover (160) and the connector block 
(140) Will be described in further detail beloW With reference 
to FIGS. 3A through 3F. 

[0041] FIG. 2 illustrates an exploded vieW of a removable 
connector block (140), according to one exemplary embodi 
ment. As shoWn in FIG. 2, the connector block (140) 
generally includes a resilient biocompatible body (200) 
made from a compressible material, feedthru receptacles 
(210), and connector contacts (220). The feedthru recep 
tacles (210) are electrically coupled to respective connector 
contacts (220). As previously discussed, the connector block 
(140) is con?gured to couple and secure an IPG (100; FIG. 
1) to the proximal connector end of a stimulating lead or the 
male end of an extension lead as a result of a compressive 
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force applied to the resilient body (200). Each of the 
components of the connector block (140) and their interac 
tion, along With an exemplary case assembly Will be dis 
cussed beloW. 

[0042] The resilient body (200) of the connector block 
(140) may be made of any suitable material, such as a 
resilient biocompatible material. An exemplary resilient 
biocompatible material includes, Without limitation, soft 
silicone. According to one exemplary embodiment, the 
resilient body (200) is made of a resilient biocompatible 
material that is substantially transparent. Forming the resil 
ient body (200) With a substantially optically transparent 
material alloWs a user to visually con?rm correct lead 
insertion. 

[0043] As illustrated in FIG. 2, the resilient body (200) of 
the connector block (140) generally includes a feedthru 
portion (230) and a lead insertion portion (240). The 
feedthru portion (230) of the resilient body (200) is con?g 
ured to interact With and form an electrical connection With 
feedthru member (155). More speci?cally, as illustrated in 
FIG. 2, the feedthru portion (230) of the resilient body (200) 
includes a plurality of feedthru receptacles (210) arranged 
therein. According to the exemplary embodiment, the 
feedthru receptacles (210) are spaced Within the feedthru 
portion (230) of the resilient body (200) perpendicular to the 
lead insertion portion (240) of the resilient body. 

[0044] According to the exemplary embodiment illus 
trated in FIG. 2, the feedthru receptacles (210) are generally 
arcuate or ring-shaped contacts con?gured to electrically 
couple feedthru pins (170). The feedthru receptacles (210) 
may be made of any suitable biocompatible metallic mate 
rial including, but in no Way limited to, platinum and 
platinum/iridium. As previously discussed, the feedthru 
receptacles (210) are con?gured to be coupled to feedthru 
pins (170) formed on the feedthru member (155). Conse 
quently, the feedthru receptacles (210) are positioned in an 
array that substantially corresponds With, and may mate 
With, the feedthru pins (170) of the feedthru member (155). 

[0045] Additionally, the resilient body (200) includes a 
lead insertion portion (240) con?gured to receive a lead or 
lead extension. As shoWn in FIG. 2, the lead insertion 
portion (240) includes at least one lead insertion lumen 
(250) having a number of connector contacts (220) disposed 
therein. The lumen (250) de?ned by the resilient body (200) 
extends from a ?rst end of the resilient body to a second end 
thereof and is con?gured to receive the proximal, connector 
end of a stimulation lead or lead extension Without the 
application of insertion force. Further, as illustrated in FIG. 
2, the connector contacts (220) are disposed along the length 
of the lumen (250). 

[0046] In particular, the connector contacts (220) may be 
positioned at regularly spaced intervals Within the lumen, 
such that upon insertion of a stimulation lead or lead 
extension, the connector contacts may be coupled to the lead 
or lead extension. The connector contacts (220) may be 
positioned so as to be in physical contact With associated 
feedthru receptacles (210). Consequently, the feedthru 
receptacles (210) are electrically coupled to the connector 
contacts (220). The connector contacts (220), according to 
the present exemplary embodiment, are generally arcuate or 
ring-shaped connector block contacts having a gap therein. 
The connector contacts (220) may be made of any suitable 
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biocompatible metallic material. Exemplary biocompatible 
metallic materials include, Without limitation, platinum and 
platinum/iridium. 

[0047] FIGS. 3A and 3B illustrate one exemplary locking 
mechanism that may be used to facilitate compression of the 
connector block (140) during use. As illustrated in FIG. 3A, 
the case frame (145) includes a cavity (165) con?gured to 
house a circuit board (110; FIG. 1) and a feedthru opening 
(172) con?gured to seat a feedthru member (155; FIG. 1). 
Additionally, the case frame (145) includes a pivot point 
(300). A pin ori?ce (310) con?gured to receive a hinge pin 
(not shoWn) is also formed in the pivot point (300). FIG. 3A 
further illustrates a locking protrusion (320) formed on one 
side of the case frame (145). Another locking protrusion (not 
shoWn) is placed on the opposite side of the case frame. 
According to one exemplary embodiment illustrated beloW, 
the locking protrusions (320) are con?gured to interact With 
and securely lock the connector block cover (160; FIG. 1) 
to the case frame (145). 

[0048] As illustrated in FIG. 3B, the connector block 
cover (160) also includes a pin ori?ce (312) formed in a ?rst 
end of the connector block cover. According to the present 
exemplary embodiment, the pin ori?ce (312) of the connec 
tor block is con?gured to be concentrically aligned With the 
pin ori?ce (310; FIG. 3A) of the pivot protrusion (300; FIG. 
3A) during assembly, thereby forming a lumen con?gured to 
alloW the insertion of a hinge pin (not shoWn). Additionally, 
a pair of lock receiving ori?ces (325), for each receiving a 
locking protrusion (320; FIG. 3A), are formed in the con 
nector block cover (160) opposite the pin ori?ce (312). 
According to the present exemplary embodiment, the lock 
receiving ori?ces (325) are con?gured to lockingly interact 
With the locking protrusion (320; FIG. 3A) of the case frame 
(145; FIG. 3A). 

[0049] FIG. 3C illustrates an assembled case frame (145) 
and connector block cover (160), according to one exem 
plary embodiment. As illustrated in FIG. 3C, a hinge pin 
(315) is inserted into concentrically aligned pin ori?ces 
(310, 312; FIGS. 3A and 3B respectively) alloWing the 
connector block cover (160) to pivot on a ?rst end. Addi 
tionally, as illustrated in FIG. 3C, the insertion of the hinge 
pin (315) alloWs the lock receiving ori?ces (325) to be 
rotatably aligned With the locking protrusion. More speci? 
cally, the connector block cover (160) may rotate about the 
hinge pin (315) such that the lock receiving ori?ces (325) 
engage the locking protrusions (320) formed on the case 
frame (145). 

[0050] FIG. 3C also illustrates the insertion of a remov 
able connector block (140) into the assembly. According to 
the present exemplary embodiment, the hinging of the 
connector block cover (160) on the hinge pin (315) alloWs 
for the selective insertion and/or removal of the connector 
block (140). According to this exemplary embodiment, 
alloWing the connector block (140) to be selectively 
removed from the IPG (100) facilitates the use of inter 
changeable and/ or replacement connector blocks, as desired. 
The ability to interchange and/or replace the connector block 
alloWs for the incorporation of connector blocks With dif 
ferent insertion lumens con?gured to accommodate di?ferent 
lead connector siZes Without varying the structure or con 
?guration of the case. In contrast to traditional IPG connec 
tors, the present exemplary embodiment alloWs a single IPG 
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(100) to be connected With various connector blocks having 
any number of stimulation leads and having different proxi 
mal connector sizes and con?gurations (eg 4 contacts 
versus 8 contacts). 

[0051] As illustrated in FIG. 3D, the connector block 
(140) may be seated in the feedthru opening (172; FIG. 3C) 
formed in the case frame (145). As the feedthru portion (230; 
FIG. 2) of the connector block (140) is seated in the feedthru 
opening (172), the feedthru receptacles (210; FIG. 2) are 
placed in electrical contact With corresponding feedthru pins 
(170; FIG. 2). The insertion of the connector block (140) 
establishes an electrical connection from the circuit board 
(110; FIG. 1), via the hybrid pins (130; FIG. 1), the ?exible 
connector (135; FIG. 1), the feedthru member (155; FIG. 
1), and the feedthru receptacles (210; FIG. 2), to the 
connector contacts (220; FIG. 2) of the connector block 
(140). 
[0052] FIGS. 3E and 3F illustrate perspective vieWs of 
the case frame (145), the connector block cover (160), the 
connector block (140), and proximal end (360) of tWo leads 
or lead extensions (350). In particular, FIG. 3E illustrates 
the connector block cover (160) open relative to the case 
frame (145) and the connector block (140), Which connector 
block is ?tted and attached to the case frame (145) as 
previously described. FIG. 3F illustrates the connector 
block cover (160) in a locked or closed position relative to 
the case frame (145) enclosing the connector block (140). 
When the connector block cover (160) is in the closed 
position and locked, the proximal end (360) of the lead 
extensions or lead (350) are securely coupled to the con 
nector block (140). For purposes of de?nition herein, a lead 
extension has a proximal connector end, Which is intended 
to be inserted into the lead insertion lumen of an IPG. The 
distal end of a lead extension conventionally has a female 
receptacle for accepting the connector end of a stimulation 
lead. The lead extensions or leads (350) may be made of any 
suitable biocompatible conductor material covered With an 
outer insulative material. Exemplary conductor materials 
include, Without limitation, Wire material such as MP35, 
platinum/iridium alloy, platininum Wire, or other suitable 
conductor material. The proximal ends (360) of the lead 
extensions or leads (350) are con?gured to be coupled to the 
connector block (140). 

[0053] The connector contacts (220; FIG. 2) are generally 
ring shaped With a gap formed therein breaking up the ring. 
The connector contacts are lined up in an array formation 
and located Within the lead insertion lumens or channels 
(250) formed in the resilient body (200). While the connec 
tor block cover (160) is open relative to the case frame (145) 
as shoWn in FIG. 3E, the resilient body (200) and the 
connector contacts (220; FIG. 2) are uncompressed. While 
the resilient body (200) and the connector contacts (220) are 
thus uncompressed, the proximal ends (360) of the lead 
extensions or stimulation leads (350) may be placed Within 
the lumens (250) Without obstruction or essentially at Zero 
insertion force. Zero insertion force is achieved because the 
diameter of the lead insertion lumen (250) is greater than the 
diameter of the proximal end of the stimulating lead or lead 
extension that is designed to be inserted into the lead 
insertion lumen (250). This ability to insert the lead at 
essentially Zero insertion force is a major advantage over 
conventional lead connection systems Which generally 
require some insertion force. When an insertion force is 
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needed to insert a lead, the practitioner Will sometimes guess 
Where the end of the insertion lumen is. Other times, the 
insertion forces may cause the proximal end (360) of the 
lead or extension lead to jam inside the lumen and not insert 
fully into the lumen. These situations can cause the lead or 
extension lead to become damaged, causing undesirable 
scrapping of the lead, as Well as passage of precious surgical 
operating room (O.R.) time. With Zero insertion force, as 
provided With one embodiment of the present connector 
system, placing the leads into the insertion lumens Within the 
connector block during a surgical implantation procedure is 
much less cumbersome and less time consuming. A practi 
tioner can insert the proximal end of the lead or lead 
extension into the lumen, through the connector contacts 
(220; FIG. 2) until the lead or lead extension positively 
abuts the end of the lumen (250). 

[0054] After the proximal ends (360) of the lead exten 
sions or leads (350) are passed through the connector 
contacts (220; FIG. 2), the connector cover (160) may be 
secured in the closed position to the case frame (145) by 
employing the locking mechanism. According to the exem 
plary embodiment illustrated in FIG. 3F, the locking mecha 
nism includes pivoting the connector cover (160) about the 
hinge pin (315) until the lock receiving ori?ces (325) formed 
in the connector cover overlap and engage the locking 
protrusions (320) formed in the case frame (145). As the 
connector block cover (160) is closed and secured to the case 
frame (145), the connector block cover (160) and case frame 
(145) exert compressive forces on the resilient body (200). 
The compressive forces produced by the connector block 
cover (160) and the case frame (145) are then transferred to 
the connector contacts (220). As previously discussed, the 
connector contacts (220) have gaps therein. The compres 
sive forces compress the connector contacts (220), thereby 
causing the gaps to narroW or close. As the gaps narroW, the 
connector contacts (220) transfer the compressive forces to 
the proximal, connector end of a lead or lead extension 
(350), such that the connector contacts (220) are clamped to 
the proximal connector end, forming an electrical connec 
tion. Further, the compressive forces applied to the connec 
tor block (140) as the connector block cover (160) is closed 
relative to the case frame (145) causes the feedthru portion 
(230) of the connector block to be compressed and securely 
couple the feedthru pins (170; FIG. 2) of the feedthru 
member (155; FIG. 2). 

[0055] In such a con?guration, When the connector block 
cover (160) is closed relative to the case frame (145), the 
connector block cover (160) exerts a compressive force on 
the connector block (140) as illustrated in FIGS. 4A and 4B. 
As illustrated by the force arroWs in FIG. 4A, pivoting the 
connector block cover (160) With respect to the case frame 
(145), such that the lock receiving ori?ce (325) engages the 
locking protrusion (320), generates a compressive force on 
the resilient body (200). As mentioned previously, the com 
pressive force exerted on the resilient body (200) is trans 
ferred to the connector contacts (220; FIG. 2) alloWing a 
lead or lead extension to be securely coupled thereto. 

[0056] In some embodiments of the connector block, 
Which are Within the scope of the present invention, the 
connector block (160) is formed of a non-compressible 
material that uses a conventional, friction-?t lead insertion 
lumen and connector contacts. HoWever, the removable 
connector block may be attached and removed from the case 
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frame, by utilizing a movable connector block cover (160) 
to secure the connector block to the case frame. One 

embodiment of the connector block (140) does not offer a 
Zero insertion force into the insertion lumen, although the 
particular embodiment of the connector block does offer 
selective attachment or detachment of the connector block to 
the case frame. 

[0057] In another embodiment, the connector block may 
be permanently attached to the case frame of a medical 
device. However, the connector block may be made from 
resiliently compressible material and have Within the con 
nector block a connector contact or connector contacts that 

respond and conform to compressive forces exerted on the 
resilient connector block and thereby securely clamp doWn 
on the inserted proximal connector end of a lead or lead 
extension. 

[0058] FIG. 4B further illustrates the compressive force 
exerted by locking the connector block cover (160; FIG. 
4A). As illustrated in FIG. 4B, the compressive forces act 
radially inWard on the lead insertion lumens (250), thereby 
compressing the connector contacts (220). The compression 
of the connector contacts (220) results in a narroWing or 
closing of the gaps formed therein. As the gaps narroW or 
close, the connector contacts (220) transfer the compressive 
forces to the lead extensions (350), such that the connector 
contacts (220) are clamped to the stimulating lead or lead 
extensions, forming an electrical connection. Accordingly, 
the connector (140) is con?gured to be simultaneously 
coupled to a lead extension and the feedthru member (155) 
as the connector block cover (160) exerts a compressive 
force on the connector (140). Additionally, the compressive 
force reduces the diameter of the lumen (250) such that the 
material comprising the resilient body (200) frictionally 
resists extraction of the lead or lead extension (350) When 
the connector block cover (160; FIG. 4A) is locked to the 
case frame (145). 

[0059] Under some circumstances, it may be desired to 
open or unlock the connector block cover (160) relative to 
the case frame (145) after it has been secured. For example, 
if the proximal end (360; FIGS. 3E and 3F) of the lead is 
not inserted fully into the insertion lumen (250), the lead 
may need to be re-inserted. Hence, the connector block 
cover (160) must be unlocked. To unlock the exemplary 
connector block cover (160), the Walls of the connector 
block cover (160) having the lock receiving ori?ce (325) 
formed therein may be spread apart to eliminate the inter 
ference betWeen the lock receiving ori?ces (325) and the 
locking protrusion (320). According to one exemplary 
embodiment, the prying tool (500) illustrated in FIG. 5 may 
be used to spread the Walls of the connector block cover 
(160) sufficiently to unlock the connector block cover. As 
illustrated in FIG. 5, a prying tool (500) includes a body 
portion (520) having a ?rst (502) and a second (504) end. 
The body portion (520) is con?gured to serve as a handle for 
the operation of the prying tool (500). 

[0060] Additionally, as illustrated in FIG. 5, the second 
end (504) of the prying tool (500) includes a number of 
prongs (510) projecting therefrom. According to the illus 
trated embodiment, the prongs each include an external 
cover edge (514) and an internal lock edge (516) formed 
substantially parallel With the longitudinal axis of the prying 
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tool (500). A ?rst end of each prong terminates With an 
inclined face (512) forming a point (518) With the lock edge 
(516) as shoWn. 

[0061] FIGS. 6A through 6C illustrate an exemplary 
method for opening or unlocking a connector block cover 
(160) relative to the case frame (145) after it has been 
secured, using the present prying tool (500). As illustrated in 
FIG. 6A, the second end of the prying tool (500) having the 
prying prongs (510) formed thereon is presented adjacent to 
the connector block cover (160) Where the lock receiving 
ori?ces (325) engage the locking protrusion (320). 

[0062] The prying prongs (510) of the prying tool (500) 
are then inserted betWeen the connector block cover (160) 
and the case frame (145) as illustrated in FIG. 6B. Accord 
ing to the present exemplary embodiment, the point (518) of 
each prying prong (510) initiates the insertion and the lock 
edge (516) of the prong then folloWs the pro?le of the case 
frame (145). As the lock edge (516) of each prying prong 
(510) folloWs the pro?le of the case frame (145), the inclined 
faces (512) force the Walls of the connector block cover 
(160) aWay from the case frame (145). As the Walls of the 
connector block cover (160) are forced aWay from the case 
frame (145), the lock receiving ori?ces (325) are also forced 
aWay from the locking protrusions (320), thereby eliminat 
ing the interference betWeen them. 

[0063] As illustrated in FIG. 6C, With the interference 
betWeen the lock receiving ori?ce (325) and the locking 
protrusion (320) eliminated, the connector block cover (160) 
is unlocked and may be opened. When the case cover (160) 
is thereby opened, the compressive forces to the connector 
block (140) and connector contacts (220; FIG. 2) are not 
applied. As these compressive forces are removed the resil 
ient body (200) and the connector contacts (220; FIG. 2) 
substantially return to their uncompressed shapes. Conse 
quently the lead or lead extensions (350) may thereby be 
removed from connector block (140) or reinserted into the 
insertion lumen in a Zero insertion force environment. 

[0064] FIG. 6C illustrates an example embodiment of a 
complete implantable stimulator system (600), in accor 
dance With the invention. According to the exemplary 
embodiment illustrated in FIG. 6C, the implantable stimu 
lator system may include a medical device, having a case 
and a case frame (145), a removable connector block (140) 
having a lead insertion lumen (250), Which lumen is dimen 
sioned to a siZe larger than a connector end of a stimulation 
lead or a lead extension. Additionally, a pivotable connector 
block cover (160) is attached on one end of the housing to 
the implantable medical device. As illustrated in FIGS. 6A 
through 6C, the connector block cover (160) has an open, 
unlocked position and a locked, closed position. As previ 
ously described, When in the locked position, the removable 
connector block (140) is securely attached to the medical 
device case. An opening or prying tool (500) also forms part 
of the stimulator system (600) illustrated in FIG. 6C. As 
explained previously, the opening tool is con?gured to open 
the connector block cover (160) and release the connector 
block (140) from the medical device case. 

[0065] A method of using the above-mentioned stimulator 
system includes, but is in no Way limited to, providing a 
stimulator case con?gured to accept a lead connector block, 
selecting a stimulation lead or extension lead With a proxi 
mal connector end having a predetermined siZe, selecting a 
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removable lead connector block With a lead insertion lumen 
sized to accept the proximal connector end of the stimulation 
lead or extension lead, securing the lead connector block to 
the stimulator, securely inserting the proximal connector end 
of the stimulation lead or extension lead into the insertion 
lumen, if an extension lead has been inserted into the 
insertion lumen, attaching the, proximal connector end of 
the selected stimulation lead to the distal female of the 
extension lead, and implanting the stimulator and connected 
stimulation lead into a patient. 

[0066] The stimulator device or IPG (100), according to 
the present exemplary embodiment, includes a case frame 
(145) With side lids (150) described therein. Those of skill in 
the art Will appreciate that any type of case may be used With 
a removable connector. Further, the feedthru receptacles 
(210) and connector contacts (220) shoWn and described 
With reference to the present exemplary embodiment may be 
ring-shaped With gaps de?ned therein. Those of skill in the 
art Will appreciate that feedthru receptacles and connector 
contacts of any shape or con?guration may be used in a 
connector. Moreover, While the present locking mechanism, 
con?gured to maintain compression on the connector block 
(140) from the case cover (160), is described in the context 
of a locking protrusion and receiving ori?ce or hole inter 
ference, any number of locking mechanisms may be used to 
maintain the desired pressure on the connector block (140), 
as Will be readily appreciated by one of ordinary skill in the 
art. 

[0067] In conclusion, a connector is provided herein for 
use in a stimulator device. In particular, the connector may 
include a resilient body having a lumen de?ned therein. 
Connector contacts are disposed along the length of the 
lumen. The connector contacts are con?gured to be coupled 
to lead extensions or leads, Which direct electrical stimula 
tion to a desired body location. As described herein, the 
connector may include a Zero-insertion force con?guration 
While maintaining electrical contact Without the use of a set 
screW. According to one exemplary embodiment, the resil 
ient body is relatively clear so that the male end of an 
extension lead or the proximal connector end of a stimulat 
ing lead can be seen as it is inserted into the insertion lumen 
Within the removable connector block to facilitate a correct 
insertion. Further, the present connector is easily modi?ed 
and/or replaced With a connector block having a different 
con?guration and/ or different lumen siZe. 

[0068] When the connector block is subjected to compres 
sive forces, the compressive forces are transferred to the lead 
insertion lumen and the connector contacts in the connector 
block. When a lead or lead extension is placed at least 
partially Within the lumens such that part of the lead or lead 
extension is also passed through the connector contacts, the 
compressive forces securely clamp the connector contacts to 
the lead extensions. Because the siZe of the lead insertion 
lumen also decreases as a result of applied compressive 
forces, particularly at the lumen surface betWeen the con 
nector contacts, a ?uid seal is formed betWeen the lead 
insertion lumen and proximal connector end of an inserted 
lead or lead extension. Further, the connector contacts are 
also coupled to feedthru receptacles, Which in turn are 
coupled to a feedthru member, Which is electrically coupled 
to the circuit board. 

[0069] The preceding description has been presented only 
to illustrate and describe the present method and apparatus. 
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It is not intended to be exhaustive or to limit the disclosure 
to any precise form disclosed. Many modi?cations and 
variations are possible in light of the above teaching. It is 
intended that the scope of the disclosure be de?ned by the 
folloWing claims. 

What is claimed is: 
1. A connector block for use in an implantable stimulator 

device, comprising: 
a resilient, substantially compressible body having at least 

one lead insertion lumen de?ned in said resilient body; 
and 

a plurality of connector contacts disposed Within said 
lumen, said contacts being con?gured to yield to com 
pressive forces in response to external compressive 
forces applied to the resilient, substantially compress 
ible body and thereby exert a clamping force on the 
connector end of a lead or a lead extension. 

2. The connector block of claim 1, Wherein said at least 
one insertion lumen is dimensioned to be larger than the 
connector end of a lead or a lead extension for Zero insertion 
force. 

3. The connector block of claim 1, Wherein said resilient 
body comprises silicone. 

4. The connector block of claim 1, Wherein said resilient 
body comprises a substantially transparent material. 

5. The connector block of claim 1, Wherein said connector 
block is con?gured to permit selective attachment and 
detachment from a case frame of the implantable stimulator. 

6. The connector block of claim 5, further comprising: 

a plurality of feedthru receptacles coupled to said con 
nector contacts, said feedthru receptacles being con?g 
ured to be electrically coupled to a feedthru member. 

7. The connector block of claim 1, Wherein said connector 
contacts comprise a substantially ring-shaped body With a 
gap formed in said ring-shaped body. 

8. The connector block of claim 7, Wherein said connector 
contacts comprise a biocompatible metallic material. 

9. The connector block of claim 8, Wherein said biocom 
patible metallic material comprises one of platinum or 
platinum/iridium alloy. 

10. An implantable stimulator device, comprising: 

a circuit board; 

a case assembly having a case frame; and 

a removable, lead connector block having at least one lead 
insertion lumen de?ned in said connector block and a 
plurality of connector contacts disposed Within said 
lumen, Wherein the lead connector block is con?gured 
to be attachable to the case frame. 

11. The implantable stimulator device of claim 10, 
Wherein the removable lead connector block and case frame 
are each con?gured to permit selective attachment and 
detachment of the lead connector block to the case frame. 

12. The implantable stimulator device of claim 10, further 
comprising: 

a connector block cover that is dimensioned to ?t over the 
lead connector block, Wherein the connector block 
cover is pivotably attached to the case frame, the 
connecter block cover having a locked and unlocked 
position, Wherein in the locked position, the lead con 
nector block is secured to the case frame. 
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13. The device of claim 12, wherein said case frame 
comprises: 

a locking protrusion; and 

a connector block cover having a lock receiving ori?ce for 
accepting the locking protrusion, Wherein said connec 
tor block cover, lead connector block, and case frame 
are con?gured such that, When said connector block 
cover is secured in the locked position, and said lock 
receiving ori?ce engages With said locking protrusion, 
a compressive force is applied to said lead connector 
block causing the lead insertion lumen to decrease in 
siZe. 

14. An implantable stimulator system comprising: 

a medical device, having a case; 

a removable connector block having a lead insertion 
lumen, Which lumen is dimensioned to a siZe larger 
than a connector end of a stimulation lead or a lead 

extension; 
a pivotable connector block cover, attached on end of the 

case to the implantable medical device, the connector 
block cover having an open, unlocked position and a 
locked, closed position, Wherein in the locked position, 
the removable connector block is securely attached to 
the medical device case; and 

an opening tool, con?gured to open the connector block 
cover and release the connector block from the medical 
device case. 

15. The stimulator system of claim 14, Wherein the 
medical device case has a locking protrusion and the con 
nector block cover has a complementary lock receiving 
ori?ce for accepting the locking protrusion into the lock 
receiving ori?ce in the locked position; and 

Wherein the opening tool is a prying tool con?gured to 
separate the connector block cover from the medical 
device case to permit the connector block cover to be 
placed into the unlocked position. 

16. The stimulator system of claim 15, Wherein the 
opening tool has at least one prong, Which prong is used to 
pry apart the connector block cover from the medical device 
case. 

17. The stimulator system of claim 15, further compris 
1ng: 
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a plurality of removable connector blocks, each connector 
block having an insertion lumen dimensioned to a siZe 
for accepting a di?cerent siZed connector end of a lead 
or lead extension. 

18. A method of using a stimulator system comprising: 

providing a stimulator device case con?gured to accept a 
removable lead connector block; 

selecting a stimulation lead or extension lead With a 
proximal connector end having a predetermined siZe; 

selecting a removable lead connector block With a lead 
insertion lumen siZed to accept the proximal connector 
end of the stimulation lead or extension lead; 

securely inserting the proximal connector end of the 
stimulation lead or extension lead into the insertion 

lumen; 
securing the lead connector block to the stimulator; 

if an extension lead has been inserted into the insertion 
lumen, attaching the, proximal connector end of the 
selected stimulation lead to the distal female of the 
extension lead; and 

implanting the stimulator and connected stimulation lead 
into a patient. 

19. The method of using a stimulator system of claim 18, 
further comprising: 

releasing the removable lead connector block from the 
stimulator. 

20. The method of using a stimulator system of claim 19, 
further comprising: 

releasing the connected proximal end of the lead or lead 
extension from the removable lead connector block. 

21. The method of using a stimulator system of claim 18, 
Wherein securing the lead connector block to the stimulator 
comprises compressing the lead connector block and com 
pressing the lead insertion lumen over the inserted proximal 
connector end of the stimulation lead or extension lead. 

22. The method of using a stimulator system of claim 21, 
Wherein compressing the lead connector block and com 
pressing the lead insertion lumen comprises placing a piv 
otable connector block cover into a locked position, Wherein 
the connector block cover has a locked position and 
unlocked position. 


